ED 054 965 

aUTHOE 

TITLE 



DOCDHENT BES^HE 



SS 012 468 



INSTITUTION 
SPONS AGENCY 

BUBEAU NO 
PUB DATE 
CONTBACT 
NOTE 



24 

Pfeiffer, Carl H. 

The Development and Implementation of a Four-Year 
Unified, Concept-Centered Science curriculum for 
Secondary Schools, Final Report. 

Monona Grove High School, Monona, His. 

Office of Education (DREW), Washington, D.C. Bureau 
of Research. 

BR-5-0646 
Sep 69 
OEC-6- 10-161 
50p. 



EDRS PRICE MF-$0.65 HC-S3.29 _ 

DESCRIPTORS Conceptual Schemes; Curriculum; *Currxcalum 

Development; ^Integrated Curriculum; 

*In terdiscipiinary Approach; Program Content; Program 
Descriptions; Program Evaluation; ^Secondary School 
Science 



in which all science 
The evidence available 
indicates that a 



ABSTRACT ^ 

The unified science program at Monona Grove Riga 

School, Monona, Wisconsin, is a four-year, concept-centered program 
based on the premise that all science is concerned with the nature of 
Matter and Energy and with matter-energy interactions as a function 
of Time. The consequence of these interactions is Change and it is 
this "Process of Change" which is the central theme of the program. 
This unified program is now in the third year c-.-,onne. 

taught at this school is part of the program. 

at this point, both subjective and objective, — — u i 

totally unified approach to science education at the secondary school 
level is practical and that this approach represents a more effective 
means of realizing the educational objectives established ir the 
science program, at this high school, than was being . by the 

same staff working through a subject-oriented program. •; report 

includes sections on the philosophy of science education, evolution 
of the program, criteria for structufiBg and char acteristics of the 
program, subject content summary, program evaluation, facility^ 
development, and conclusions and recommendations. For description 01 ^ 
student manuals; see SE 012 308; SE 012 309; and SE 012 149 to SE 012 
152, (Author/PE) 
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SUMMARY 



The unified science program being implemented 
at Monona Grove High School, Monona, Wisconsin, is 
a four--^ear, concept -centered program based on the 
premise tkav all science is concerned with the nature 
of Matter and Energy and with matter-energy interactions 
as HT rlH^e. The consequence of these 

interactions is Change and it is this "Process of Change 
which is the central theme of the pregram. 

This unified program is now in its sixth year 
since being introduced at the freshman level in 
1964 and the third year in which all science taught 
at this school has been part of the program. The 
evidence available at this point, both subjective 
and objective, indicates that a totally unified approach 
to science education at the lary school level is 

or '^al and liiat chi^ reprusenxs a more ettec 

tive means of realizing the educational , , 

established for the science program at this high school 
than was being achieved by the same sttaff working throug 
a subject-oriented progran\* 
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Philosophy of Science Education 
The Rationale for a Unified Approach to Sciehce Education 

Prior to the close of the 19th Century the process of scientific 
investijjation and the methods of science teachin?^ were closely allied 
to philosophy.. Although the quest for knowledge was being pursued in 
separate and well established disciplines, the scope of knowledge in 
any given subject field was not so extensive that it prevented investi- 
gators and teachers from reflecting u])on the interdisciplinary nature 
of science and its implications for society. 

During the period from 1920 tc 1940, however, spectacular advances 
were achieved in all fields of science and the body of factual knowledge 
associated with the various disciplines experienced great '^vertical'* 
growth. Individual scientists were becoming more interested in extend- 
ing the frontiers of knowledge within relatively narrow areas of their 
particular disciplines and less interested in the philosophical aspects 
of science. The era of specialization had begun! Science teaching 
during this period reflected these trends. Science curricula were ex- 
tended to accommodate the influx of new factual knowledge and science 
teaching became more fact centered and specialized within the confines 
of the traditional science disciplines. 

By mid century, specialization in science had cr^ age, and with 

it, numerous problems. 

1) The frontiers of science had expanded so rapidly that communi- 
cation between scientists became a serious problem. 

2) Knowledge was being accumulated faster than it could be 
assimilated within the scientific community. 

3) Research activity had become so complex and sophisticated 
that it became necessary to employ teams of specialists, often 
representing several different disciplines, to work coopera- 
tively on common problemr. . 

The interesting paradox in this dilemma is that the problems created 
as a result of i.ndividual specialization within the separate disciplines 
of science forced the disciplines within science to become more inter- 
dependent and interrelated. Within the vast spectrum of factual know- 
ledge one finds threads of continuity which tie together areas of common 
concern and interest. Thus this unity, which permeates all science, 
provides the frame of reference which makes it possible to interpret 
new knowledge in terms of broad concepts already established. It is this 
unity within science that has made cooperative inquiry possible. 

The growth and change which have characterized science since 1950 
have created similar problems in science education. During the past ten 
years there has been a major effort to cope with these problems through 
curriculum reform. Por the most part curriculum specialists have concen- 
trated on the development of new programs designed to emphasize contem- 
porary ideas and factual knowledge. With few exceptions these new pro- 
grams have been strictly subject oriented and highly fact centered. 
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Mthougii these programs have played a major role in updating science 
content in secondary school programs they have failed to interpret 
science in terms of the needs of young people. 

In critically analyzing the curricular changes which have come about 
in the past decade one must return to the philosophy of science education. 
WTiat is the purpose of science education at the secondary school level- 
Whose needs are to be served - those of young people whose desperate 
need is to understand the very nature of science and its implications 
for their lives - or the need of science to transmit its cultural and 
academic heritage? Tlie answer is both. Both needs must be served. How- 
ever, innovations in curricula during the past ten years have reflected 
a greater concern for meeting the needs of science tlian the nee so 
young people. Altliough more factual science is being taught today than 
at any period of history, young people are learning less about the nature 
of science. Science teachers, particularly at the secondary school 1 ve , 
must find ways of helping young people understand science in its broad 
perspective. They must identify and develop concepts which make science 
functional at the personal level and use contemporary factual knowledge 
as a means to this end. In the final analysis the rationale for any 
unified approach to science teaching, is that it offers the greatest poten- 
tial for realizing the goals of science education within tlie program of 
general education. 

The Role of Science in General Education 

Science represents a significant portion of our academic heritage 
which must be made available to young people in 

herent pattern. The ultimate goal in this venture is more intelligent 
behavior. The things that students learn should be 

sense that they help the student to understand himself, his relation 
shin to others, and to the environment in which he must live and work. 

program must be designed to enable students to see and 
appreciate these relationships in broad perspeettve It provide 

eitnpriences which prepare students to expect and to de<..l effectiv^ y 
with the wide range of individual and group problems which characterize 
contemporary life. It must provide experiences Khich enable students 
?rdisLve7 their own special abilities. Interests, and opportunities 
to make worthwhile contributions to society. 

In order to accomplish these goals of general education, science 
courses must be presented in such a way that students -I-" 
that science represents more than "courses in biology, chemist y 
n!;?sirs"! mhe ?han weather maps and 

ripple tanks, formulas and equations, more than ESC_and 
DNA ATP, and numerous other mnemonic i sequences devised t p 
names difficult to pronounce and harder to remember. Science courses 
should be presented in such a way that students see f 

but m^e iortant! as a process by which one may 

his own right. Science courses should be presented in such _ a way that 
Sudrs”ome to realize that traditional subject 

< 7 orize man's knowledge about nature, but pot nature itself - that in 
spite of man's ability to formulate laws and theories which explain ^ 
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natural phenonena he cannot circumvent natural process without suffering 
the consequences of his action- 

In the final analysis, the science phase of the general educational 
program must provide the basis for understanding what science is and 
what it is not, and what science can do and what it cannot do for 
individuals and for society. 

General Objectives of Science Education 

In 1959 the science staff at Monona Grove High School identified 
the following general objectives of science education to serve as guide- 
lines for the evaluation and development of its own program and for the 
evaluation of science curricula being developed elsewhere- 

1. TO STIMULATE CREATIVE AND IMAGINATIVE THOUGHT AND TO PROVIDE 
OPPORTUNITIES FOR ITS EXPRESSION 

This objective appears so consistently in statements of educational 
philosophy that non-educators, perhaps even teachers, assize that the 
realization of this objective is more or less guaranteed in every class- 
room, with every student. The degree to which one succeeds in accomp- 
lishing this objective depends, to a large measure, upon the opportunit- 
ies students have the direct participation in class sessions. Teachers 
must develop the art of asking discerning questions and discipline them- 
selves to elicit student response. They must guard a,gainst maintaining 
a superior "mind set", so rigid, that the very basis for dialogue be- 
tween student and teacher is discouraged. 

2. TO DEVELOP AN AWARENESS OF THE PROBLEMS AND RESPONSIBILITIES FORCED 
UPON SOCIETY AS A RESULT OF MAN'S ACTIVITY WITHIN HIS ENVIRONMENT 

Science courses must not be presented as academic areas i.solated 
from the social, political and economic problems of society. The social 
implications associated with science teaching constitute a major concern 
for its inclusion in the general educational program of public high 
schools. It is important that all students, especially those who termi- 
nate their formal learning experience at the secondary school level, 
develop an awareness of the need for an involvement of science in many 
of the most difficult and critical problems that exist in the world 
today. Although the majority of our students will not become techni- 
cally involved with the solutions to such problems, as citizens, they 
most certainly must be informed to the point where they can deal with 
them intelligently at the persona.1 level. 

3. TO DEVELOP INTEREST IN AND APPRECIATION FOR THE HUMANISTIC ASPECT 

OF SCIENCE 

The ability of students to appreciate and interpret science at the 
personal level is markedly affected by the knowledge and interest 
gained through extensive reading of science literature. It was Thomas 
Carlyle who said "reading maketh the man". Browsing and reading for 
personal interest constitutes a dimension of learning which cannot be 
provided in the classroom. The reading habit, if developed, provides 
the basis for staying close to the ever expanding frontiers of know- 
ledge. Readings from the history of science and of contemporary work, 
coupled with personal experience, help the student realize that the 
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process of science is a human enterprise dependent upon the curiosity, 
intuition, ingenuity, experiment, failure and perseverance of 
individuals. 

4 TO DEVELOP ATTITUDES AND SKILLS ESSENTIAL IN USING THE PROCESS OF 
SCIENCE AS A MEANS OF GAINING KNOWLEDGE 



Science, as a process, involves the technique of using one's exist- 
ing knowledge creatively to learn something new. As such, it represents 
a unique and personal pathway to understanding. The science program 
must provide opportunities for students to develop investigative skills. 
Students must learn how to define problems clearly, to distinguish be- 
tween what is known and what needs to be known. They need to learn how 
to formulate hypotheses which provide a basis for inquiry. They need 
experience in making judgments of what is reasonable and unreasonable. 
Priority must be given to the development vif these kinds of attitudes 
and skills which make the learner resourceful as well as knowledgeable. 

5. TO PROVIDE OPPORTUNITIES FOR GROWTH IN THE UNDERSTANDING OF THE 
MAJOR CONCEPTS IN SCIE.NCE 



In order, to develop understanding and subsequently accomplish the 
goal of "more intelligent behavior" it is necessary to deal with facts - 
However science teaching must not be regarded as a process of transfer- 
ing an inventory of factual knowledge tc students. The science curri- 
culum should be "concept centered", not "fact centered". It must be 
organized around, and emphasize, the broad generalizations within science 
which provide the basis for understanding contensporary factual knowledge. 



This is our "point of view" with reference to the aims and objec- 
tives of science education at the secondary level. Our purpose is to 
develop an attitude toward science - an appreciation of what science is, 
the effects that it has on our way of life, the problems that it nas 
created, and the opportunities that it presents. We seek to provide ex- 
perience which will help students identify with the world in which they 
live in order that the experience of life itself might become more pur- 
poseful and personally satisfying. 



Evolvement of the Unified Program 

The unified science program now under continuing development at 
Monona Grove High School evolved as a result 

on the part of the science teachers that a unified approach to curri- 
culum dLelopment offered the greatest potential for implementing thei. 
philosophy of science education. 

The period of evolvement began in 1959 at a time when the science 
staff was attempting to resolve a number of problems 

the influx of new subject matter into the^ curriculum. analysis of 

the existing courses of study indicated that there was a significant 
amount of duplication of subject matter within the various courses. 
SSesfions «e?e raised with respect to the need and 

this duplication and with respect to the lack of communication within 
the department in planning for a meaningful , sequential , development of 
ideas, ^ Further investigation revealed that in. most instances the dupli- 
cation was not relevant to the total program. Teachers were working ^ 



independently and without concern for the interrelationship of ideas 
that obviously existed. Teachers within the various disciplines assumed 
responsibility for developing "anew" the skills and concepts related to 
the factual content of their courses. 



Although each of the separate courses within the science curriculum 
were organized in a most logical way, the structure and continuity of 
the science program was most illogical from the standpoint of students 
moving from one course into another. It becane painfully apparent that 
our entire science program was inefficiently organized and becoming more 
concerned with the teaching of contemporary factual knowledge than with 
the task of interpreting science in terms of the needs of young people. 
Our curriculum development and program implementation had evolved to the 
point where one had difficulty justifying it in terms of the goals set 
down in our philosophy of science education. 



It was at this time that the possibility of a unified cipproach to 
science education was first considered. The idea was eventually rejected 
as being impractical in terms of the niunerous problems anticipated in 
the development and implementation of such a program. 

The problems of developing a satisfactory science program persisted. 
Three years of experience with the BSCS program provided convincing evi- 
dence that the entire curriculum needed to reflect the interdisciplinary 
nature of science. 



In 1961 a survey of existing unified science 

again the advantages and problems of this approach were discussed. - 

though no action was taken there was a growing awareness that a unified 
approach to curriculum development merited serious consideration. 

In the fall of 1962, after three years of backing away, the staff 
decided to move in the direction of a unified program. It wa.s apparent 
from the outset that a wide variety of programs, each with unique advan- 
tages, was possible. For this reason considerable time was spent in 
an effort to structure a program consistent with our goals and objectives 
in science education. 



METHODS 
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Criteria for Structuring the Unified Program 



Six criteria were established to provide guidelines for the 
development and eventual implementation of the unified program at 
Monona Grove High School. 



1) The program was to be concept centered - organized around funda- 
mental ideas significant in all discinline of science. 

2) The unified program would not be introduced on a trial basis with 

a select group of students. All traditional courses would be phased 
out of the curriculum and all students at all grade levels would 
become involved in the unified program. 

3) Beginning at the freshman level, the unified program would be devel- 
oped and phased into the existing curriculum sequentially over a 
four year period. 

4) The first three years of the program would have a bi- level structure 
in order to provide a basis for working with students at different 
interest and ability levels. 

5) Curriculum materials for student use would have to be prepared by the 
staff working cooperatively. For this reason it would be necessary 
that the entire staff and the administration commit themselves to the 
project for a minimum of four years, including summer. sessions. 

6 ) The entire program would be team developed and team taught with the 
various members of the staff assuming leadership in their particular 
areas of specialization. 

During the academic year 1962-63 the staff, working first indepen- 
dently and then cooperatively, identified those science concepts which 
were considered to be essential to an understanding of science from the 
standpoint of secondary school students in a program of general education. 
As one might expect, the list of concepts identified was fantastic. 

There were long and sometimes highly spirited discussions over the 
question, "tVhat is a concept?" Although the staff never did develop a 
single definition which satisfactorily encompassed each teachers' point 
of view, it was generally agreed that concepts are "big ideas possessed 
by individuals" and that these ideas, once internalized Cconceptualized) , 
provide the basis for interpreting new experience. 

A survey of those concepts identified by the staff clearly showed 
that there are certain ideas in science so basic to the understanding of 
natural phenomena that they are common to all science disciplines. These 
fundamental ideas which enable scientists to account for the nature of 
matter and matter-energy interactions also provide the basis for structur- 
ing a unified program of science education. In retrospect the selection 
of these concepts was probably the most difficult phase of the entire 
project. By the same token it was probably the most critical, for it 
was through this process of identifying basic concepts of ' cience that 
the Staff began to understand their task as teachers of science. It was 
also through this experience thqt the teachers began to develop the 
mutual concern and respect needed to function effectively;* as a team. 

During the fall of 1963 the organizational structure for curriculum 
development was completed. The entire four year program was based on 7 






the premise that all science Is concerned with the nature of Matter and 
Energy and with interactions between matter and energy as a function of 
Time. The consequence of these interactions is Change and it is this 
’’Process of Change” which was adopted as the central theme For the entire 
program . 

The twelve unifying 
themes shown in the diagram 
were selected to amplify 
this central idea and to 
serve as guidelines in 
the development of specific 
courses within the curricu- 
lum. 

There are many inter- 
disciplinary concepts in 
science which could be 
used as unifying themes 
in curriculum develop- 
ment. Organizational 
themes helpful in structur- 
ing a unified curriculum 
have two characteristics 
in common. (1) They rep- 
resent ”big ideas” of 
interest in several scienti- 
fic disciplines. (2) The 
ideas themselves are independent 
of time. ’’Systems of Energy Transfer” , 
for examp le, possesses these characteristics. 

Although our understanding of a particular energy transport, system is 
likely to change, energy transfers will continue to occur and continue 
to be of interest to those who seek understanding of natural phenomena. 

The ”big ideas" in science associated with the twelve unifying 
themes selected for the Monona Grove program would probably be incorpor- 
ated into any unified science curriculum. Unifying themes are of value 
only to the extent that they provide an organizational framework for the 
fusing of ideas within the program. The uniqueness of the unified 
approach to science education, and perhaps its greatest strength, is 
that there is no prescribed basis for .organizing these "big ideas" into 
a curriculum nor any restrictions placed on the selection of subject 
matter used to provide the experiences which enable students to internal- 
ize these ideas. The ideas which enable students to understand the 
nature of nature must be incorporated into every unified program. How 
these ideas are organized and then developed as concepts is a matter of 
individual preference and need. 

Characteristics of the Monona Grove Program 

In structuring the unified program at Monona Grove it was decided 
that a minimum of two years would be required in order to develop those 
concepts of science considered to be significant in terms of the needs 



Unifying Themes 




of all students. For this reason all students at Monona nrove are 
required to complete two years of unified science. This requirement 
must be satisfied by the end of the junior year. 

The first three years of the program have a bi- level structure. 

The "A" and "B" level programs in Science I and II deal with the same 
basic concepts but differ significantly in the way that these concepts 
are presented and developed. Generally, the "A” programs are more 
theoretical and develop ideas to greater depth. Approximately forty 
ie;cent of the studentk in Science I are placed in the ”B'' level pro- 
gram. This percentage remains about the same in Science IIB. 

The purpose of the bi- level organization is to provide for gross 
differences in student ability and interest. These characteristics 
are not always apparent in students, especially with freshmen. 

Interests ciiange and errors in accessing ability do occur. Occasional- 
ly^ and iisust frequently with freshanen, there is a need to transfer 
students ^rcash one level to another. In order that these trans ers 
might be efrected without the loss of continuity the lA and TB pro- 
grins were t^ganized with a parallel structure in terms of the concepts 

to be preseinSed. 

During the course of the freshman year, student-teacher relation- 
ships are established which provide the basis for more effective guid- 
ance in the selection of courses. Concern for the problem of students 
transferring between the "A” and levels was not -a major factor in 

the design of the Science II curriculum. Although the basic concept 
developed in Science IIA and IIB are about the same, the organization 
of ideas and the curriculum materials developed for their implementation 
are veri different. Transfers within the Science II program are poss- 
ible but the transition is not as smooth as it would be in the ..«cience 
program. 

Science III and IV, the third and fourth year programs, are elec- 
tive. The V'A” and "B” level programs for Science III are very differ 
ent The "A" program employs a more quantitative and theoretical 
approach to concept development «hile the "B" 

develop concepts in terms of contemporary, science related prohlems. 

As yet there are no plans for developing a IVB program. 

By the spring of 1964 a preliminary outline for a four year, 

concept centered program had been completed. This ^°5®^i®g^hool 

with a nropofied plan for implementation was approved by the local school 
SSnL?rS?on^ Curriculum materials for the first year of the unified 
nroS^ were prepared that summer and introduced at the freshman level 
du?inrthn964!65 school year. The Science II, III and^IV Proprams 

we^rLveloped and phased into the curriculum, ■sequential ly^during the 

next three years. By the fall of 1967 the cycle was coi^leted and all 
science students at the school were involved in the unified program. 
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Content (Subject Matter) Summary 

The central theme selected to provide the guidelines for the 
organization of the four-year unified progr^ at Monona Grove High 
School proposes that science is concerned v.'ith the nature of matter 
and energy and with matter-energy interactions as a function of time. 

The consequence of '’^ese interactions is change. 

The purpose of scierriice education is to develop an understanding 
of the nature of matter anii enen^y and the process of change, to the 
end that the individuai. wi'Xl better understand himself , his relation- 
ship to others, and to the snvitojnment in which he must live and work. 

At the present time tfoe follOTwing unifying themes provide the basis 
for structuring the fourr-Y^siar ccxriculxim. 

Approximate Distribution 

Year § Course Mfejoir Theme of Concepts Traditionally 

Number ' Associated with: 

Physical Science Science 



Science 


lA 


Matter-iEnergy and the Process 




20% 




IB 


of Chaisge 


80% 


Science 


IIA 


Matter-Energy Interactions 








IIB 


Relating to Life on Earth 


20% 


80% 


Science 


I IIA 


Mat ter- Energy Interactions in 
Natural Systems 


90% 


10% 




1 1 IB 


The Interaction of Man with 
His Environment 


50% 


50% 


Science 


IV 


Homeostatic Systems - Mechanisms 
For Survival 


20% 


80% 



The first year of the unified program focuses mainly on the develop- 
ment of ideas associated with the structure and properties of matter, 
the nature of energy, and matter-energy interactions resulting in physi- 
cal and chemical change. These ideas, first developed in relativCiy 
simple non-living systems, then provide the basis for dealing with the 
more complex interactions characteristic of living things. 

The unified program has been structured to present in the space of 
two years an overview of those concepts considered to be relevant to the 
realization of the goals of science education. The third and fourth 
years in the program provide opportunities for students to extend these 
fundamental concepts. 

The present organitiation of the unified program, at Monona Grove is 
d-escribed in the foElcswtng course, outlines. 

10 . 
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SCIENCE I A AND IB 



I; 





MATTER- ENERGY AND THE PROCESS OF CHANGE 

I. THE UNIVERSE AND MAN (5 weeks) 

A. Basic Questions About the S’* .verse 

B. The Earth, It's Position in the Universe 

C. Man's Early Concepts of the Earth and the Universe 

D. Man and Science in the Char :ing Universe 

II. MAN'S ATTEMPTS TO UNDERSTAND AMD RELATE TO THE PROCESS OF 
CHANGE (3 weeks) 

A. Sensory Experience, Knowledge, and the Process of Science 

B. The Need for Quantitative Descriptions 

C. Understanding Through Graphijc Representation 

III. MAN'S IDEAS ABOUT THE STRUCTURE OF MATTER (14 weeks) 

A. Hypothesis, Theories, and the Process of Science 

B. Properties of Matter and Physical Quantities 

C. Classification of Matter 

D. Basic Structure of Matter: Atoms, Molecules, and Cells 

E. Particle Motion, the Kinetic State of Matter 

IV. THE ROLE OF ENERGY AND TIME IN THE PROCESS OF CHANGE (5 weeks) 

A-. Energy, the Agent for Change 

B. Force, Work, and the Concept of Energy 

C. Fundamental Energy Forms 

D. Energy, Time and the Concept of Power 

E. Energy Resources and Their Utilization 

F. Order -Disorder and the Process of Change 

V. INTERACTIONS RESULTING IN PHYSICAL CHANGE (4 weeks) 

A. Forces in the Universe Which Act to Effect Change 

B. Interactions Within Structures 

C. Physical Changes Resulting From Interactions 

D. Interactions Between Macrostructures 

VI. INTERACTIONS RESULTING IN CHEMICAL CHANGE (6 weeks) 

A. The Historical Development of Chemical Change 

B. The Nature of Chemical Change 

C. The Chemical Equation, An Expression of Chemical Change 

D. Oxidation, a Fundamental Chemical Process 
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SCIENCE IIA 



:i\TTER-ENERG¥ INTERACTIONS RELATING TO LIFE ON EAKlTH 
ORIGINS . OF LIFE Q7 weeks) 

A. Historical Asjjects of the Origin of Life 

1. The Development of Man's Ideas About the Origin of Life 

2. The Period of Information Accumulation and Classification 

B. Origins of the Universe and Solar System 

1. Basic Questions About the Universe 

2. Origin of the Solar System 

3. The Nature of the Primitive Earth 

C. Conditions on Earth Before Life Began 

1. Geologic Formations of the Earth 

2. The Chemistry of the Primitive Atmosphere 

3. The Chemistry of the Primitive Sea 

D. Evolution of Organic Compounds 

1. Energy, Its Role in the Life Process 

2. Carbon, the Key to Life 

3. The Chemistry of Carbon and Carbon Compounds 

E. Organic Compounds in the Ancient Seas 

1. Accumulation of Complex Polymers 

2. The Formation of Coacervates 

THE EYOLUTION OF LIFE (3 weeks) 

A. The Cell Theory 

1. Historical Development of the Cell Theory 

2. The Cell Theory Today 

B. The Role of Enzymes in Living Systems 

1. Inorganic Catalysts vs. Enzymes 

2. Factors Affecting Enzyme Activity 

C. Fermentation and Respiration 

1. Fermentation 

2. Aerobic Respiration 

D. Photosynthesis 

1. Nature of Photochemical Reactions 



2. The Nature of Photosynthe 

3 . The Leaf - A Photosjmthe" ^ ^ Orgava 

II. THii CONTINUITY OF LIFE (16 weeiks 

A. Multicellulartty - rrcblems Complexity 

1. Trans itati-onal Patterns 

2. Plants - ^structural guad FionctaoTial Patterns 

3. Animals - Structural ,amd ^ Sanction a 1 Patterns 

B. Reproduction, Growth, and Deve’loiimeret 

1. Sexual Reproduction 

2. Growth and Developmemt 

3. Analysis of Development 

C. Genetic Continuity 

1. Probability 

2. Patterns of Heredity 
3- The Chromosome Theory 

4. Master Molecules ~ Bluepz r.lrts for Life 

5. The Ideas of Evolution 



SCIENCE IIB 

MA’CTER-ENERGY INTERACTIONS RELATING TO LIFE ON EARTH 

I. ORIGINS OF LIFE (9 weeks) 

A. Origin of the Universe and Solar System 

1. The Universe, A Perspective Review 

2, The "Beginnings" 

B. The Evolving Earth 

1. Contemporary Conditions in the Geosphere 

2. Conditions Before the "Dawn" of Life 

C. Man's Ideas About the Origin of Life 

1. The Nature of Living Organisms 

2. Historical Views About the Origins oi L- e 

3. Contemporary Hypothesis 

4. Evolution of Living Organisms 

II. The Unity and Diversity of Life (22 weeks) 

A. The Cell Theory 




1. Historical Development of Cell Theory 

2. Composition and Variety of Cells 

3. Variety and Organization of Cells 

4. Life Functions of Cells 

5. Mechanisms of Cell Function 

B. Reproduction and Development 

1. Asexual vs. Sexual Reproduction 

2. Reproduction in Placental Mammals 

3. Frog Reproduction and Development 



III. CONTINUITY OF LIFE (5 weeks) 

A. Genetic Continuity 

1. Principles of Heredity 

2. Tlie Genetic Material 

3. Genes in Hun>.an Populations 

4. Applied Genetics 

5. Probability Laws 

B. Environmental Interaction 



MATTER-ENERGY INTERACTIONS IN NATURAL SYSTEMS 

I. EXTENSIONS OF THE PARTICLE THEORIES 

A. Interactions in Gases (6 weeks) 

1. Particle Motion - A Review 

2. Pressure, Temperature, Volume Relationships 

B. Mole Concept (5 weeks) 

1. The Development and Implications of the Avogadro 
Hypothesis 

2. Significance of the Avogadro H^^othesis in Contem- 
porary Science 

3. Ideal Gas Law Equation 

C. Mechanism of Chemical Reactions (8 weeks) 

1. Refinements of our Atomic Model 

2. Periodicity 

3. Quantitative Descriptions of Reaction Mechanisms in Gases 



C. Diversity of Life 



1. Classification 

2. Microorganisms 



SCIENCE IIIA 
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Quantitative Descriptions of Reaction Mechanisms 
in Solution 
S. Ox i elation -Reduct ion Reactions 

II. ENERGY-TIME RELATIONSHIPS IN MACROSYSTEMS 

A. Analysis of Vector Quantities (2 weeks) 

1. Characteristics of Vector Quantities 

2. Trigonometric Resolution of Vector Quantities 

3. Graphic Resolution of Vector Quantities 

ll. Interactions in Static Equilibrium Systems (4 weeks) 

1. Equilibrium Systems with Forces Acting at One Point 

2. Equilibrium Systems with Forces Acting at More Than 
One Point 

C. Interactions in Dynamic Systems (3 weeks) 

1. Dynamic Systems in Equilibrium 

2. Dynamic Systems Not in Equilibrium 

III. ENERGY-TIME RELATIONSHIPS IN PARTICULATE SYSTEMS 

A. Energy Distribution (2 weeks) 

1. Energy Changes in Reactions 
2- Activation Energy 

3. Reaction Pathways 

B. Reaction Rates (1 week) 

1. Factors Influencing Rate of Reaction 

2. Law of Mass Action 

C. Equilibrium in Particulate Systems (4 weeks) 

1. Qualitative Aspects of Equilibrii^ 

2. Quantitative Aspects of Equilibrium 

3. Equilibrium in Aqueous Solution 

SCIENCE IIIB 

THE INTERACTION OFMAN WITH HIS ENVIRONMENT 
I. STRUCTURE Affll) DYNAMICS OF THE BIOSPFIEELE (4 weeks) 

A. The Nature and Scope of Ecological Science 

1. The Scope of Ecology 

2. Levels of Organization Within the Biosphere 

3. The Ecospherc 15 
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Major Bi.omes and Their Subdivisions 

B. The Ecosystem 



1. The Concept of Ecosystem 

2. Component Parts 

3. Community Structure and Dynamics 

4. Energy Distribution and Balance Within Ecosystems 

5. Microcosm Ajjproach to Ecological Analysis 



C . Man in the Biosphere 



II. POPULATION STRUCTURE AND DYNAMICS C5 weeks) 

A. Structure and Organization 



1. The Individual and Species Concept 

2. The Population and Community 



B. The Functioning of Populations 



1. Population Growth and Size Factors 

2. The Ideas of Malthus 

3. Population Interactions 

4. Periodism 

C. Population Genetics 

1. Genetic Equilibrium 

2. Evolution in Genetic Equilibrium 

D. Human Populations 

1. Basic Ecology of Man 

2. Demography, Past and Present 

III. PROBLEMS OF COEXISTENCE C25 weeks) 



A. Problems of Coexistence with the Physical Environment 



1. The Development and Distribution of Energy for Power 

2. Utilization of Natural Resources C^ir , Water, Soils 
Mineral^i) 




B. Problems of Coexistence with Other Organisms 

1. Parasitism, Predation, Symbiosis, Commensalism 

2. Health and Disease 

3. Agriculture 

4. Wildlife 

C. Problems of Coexistence Within Society 



1 . International Problems Within the 



Entire 





iliunan Population 

2. Problems Within Societies 

3. Problems Within the F£imily as a Social Unit 

4. Problems Between Individuals 

t 

U. Science and the livolving Society 

1. Science and Philosophy 

2. Science and Religion 



SCIENCE IV 

HOMEOSTATIC SYSTEMS - MECHANISMS FOR 
SURVIVAL 



INTRODUCTION 

A. Problems of Survival Inherent in Living Systems 

B. Matter-Energy Interactions Relating to Living Systems 

C. Life and the Laws of Thermodynamics 

D. The Concept of Homeostasis 

EXTENSIONS OF ENERGY-FORCE RELATIONSHIPS 

A. Magnetic Forces 

B. Electrostatic Forces 

C. Electromagnetic Induction 

D. Electromagnetic Radiation 

MECHANISMS FOR THE INTERACTION OF MATTER AND ENERGY IN 
LIVING ORGANISMS 

A. Mechanisms Associated with the Capture, Storage and 
Utilization of Matter and Energy 

1. Photosynthesis 

2. Fermentation and Respiration 

3. Bioluminescence 

4. Vision 

5. Hearing 

B. Mechanisms Associated with the Transport, Regulation and 

and Exchange of Matter and Energy Throughout the Internal 
Environment ' 

1. Composition of Body Fluids 

2. Functions of Body Fluids 

3. Dynamics of Body Fluids 

C. Mechanisms Associated with the Ability of Organisms to 
Act and React. 

1. The Physical and Chemical Basis for Movement 

2. The Control and Coordination of Movement 



3. The Role of the Endocrine System 

4. Physical and Chemical Aspects of Sense Reception 

D. Mechanisms by Which Living Matter Propagates Itself 
Through Space and Time 

1. Reproduction, Growth and Development of Living Matter 
at Cellular, Organellar, and Molecular Levels 

2. The Changes Undergone by Living Matter in Time and its 
Distribution in Space 

3. Interactions Between Organisms and Environment that 
Relate to Changes and Distribution in Time and Space 

III. BEHAVIORAL PATTERNS OF LIVING ORGANISMS 

A. Unpredictability vs. predictability: Basic Problems 

in Understanding the Nature and Roots of Behavior 

B. The Influence of Environment Upon Behavior 

C. The Basic Patterns and Biological Machinery of 
Behavior 

1. The Levels of Behavior 

2. The Diversity of Behavioral Patterns 

3. Relationship of Behavioral Patterns to Types of 
Nervous Systems 

4. The Structural Diversity of Nervous Systems 

5. Functional Unity of Nervous Systems 

D. Human Behavior: Selected Topics 
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Program Evaluation 



The continued analysis of an educational program is a difficult but 
essential aspect of curriculum development. A thorough program of eval- 
uation must be centered around two basic issues: 

1. the degree to which the educational experience provided for 
students enables them to realize the objectives established with- 
in the philosophical framework of the curriculum, and 

2. the extent to which these objectives are relevant in terms of 
the needs of maturing young people. 

Obviously one cannot evaluate the second of tliese issues until there 
is some assurance that the first has been accomplished. The first issue 
is of immediate concern. This aspect of evaluation cannot be separated 
from the teaching process. Teachers have a professional responsibility 
to establish educational goals and to contimiously evaluate the effect- 
iveness witli which these goals are being realized. 

Once an educational program has evolved to the point where tliere is 
evidence to indicate that its objectives are being accomplished, the ob- 
jectives themselves must be evaluated. 

The science staff at Monona Grove is still in the process of eval- 
uating the degree to which its education objectives are being realized. 
During the period from 1959-63 it became increasingly apparent that a 
traditional subject oriented science program no longer provided the most 
desirable organization for accomplishing the educational objectives of 
the science program j that is: 

1. to stimulate creative and imaginative thought and to provide oppor- 
tunities for its expression. 

2. to develop an awareness of the problems and responsibilities forced 
upon society as a result of man’s activity within his environment. 

3. to develop interest in and apprecia.tioh for the humanistic aspect 
of science. 

4. to develop attitudes and skills essential in using the "’Process of 
Science*’ as a means of gaining knowledge. 

5. to provide opportunities for growth in the understanding of the 
major concepts in science. 

The Unified, Concept Centered Program was developed in the belief that 
this approach provided the basis for a more complete realization of these 
objectives. The purpose of this continuing evaluation is to determine 
whether there is any evidence to support this point of view. 

Three of the educational objectives established (1-3) have to do 
with student attitudes and abilities which are not directly related to 
the mastery of the subject matter. At the present time there is virtually 
no reliable basis for a qua^ evaluation of the extent to which 

these objectives are being achieved. 

niajor concern in shifting to a unified program was the belief that 
this type of organization would provide more opportunities to focus atten- 
tion directly upon the attainment of these important objectives. 



Both traditional subject oriented science programs and unified 
programs provide many opportunities for creative and imaginative thought. 
The realization of this objective depends more upon pedagogical tech- 
niques than curriculum organization. The team approach used to develop 
and implement the unified science program allows teachers to work coopera 
tively in planning activities that do stimulate creative and imaginative 
thought. Specifically, three types of activity, purposefully designed 
to encourage individuals to think creatively, have evolved in the process 
of developing this unified program. 

Cl) An evaluation procedure designed to give each student an opportun- 
ity to reveal the degree to which basic concepts, under considera- 
tion, have been internalized and also the opportunity to demonstrate 
the level of his ability to use what he knows to interpret and 
evaluate new experience. This type of evaluation procedure does 
much more than measure the students', ability to recall factual 
knowledge. It gives the student an opportunity to use his know- 
ledge to interpret, evaluate, and express opinion. 

A sample of this type of evaluative device is included in the 
appendix, page 1. Part I of the device is designed to reveal 
the level of the students' comprehension with respect to the 
basic concepts Under consideration. Part II asks the student 
to apply these ideas in familiar situations, similar to those 
considered in various class discussions and activities. Part III 
challenges the student to relate to a totally unfamiliar situation. 
Students have expressed a strong preference for this type of 
evaluative procedure. 

(2) Science teachers like to believe that their laboratory activities 
constitute high level learning experiences which successfully 
involve students in the process of critical inquiry. This does 
happen but generally it is not the case for the majority of the 
students involved |in laboratory activities. In an attempt to 
involve a larger percentage of students in the process of inquiry 
the science team cooperatively developed the following format for 
structuring laboratory activities within the unified program; a 
pre- laboratory session in which the student must demonstrate 

his understanding of the purpose for a particular laboratory 
activity before he is permitted to "experiment" on his own; a 
post- laboratory session to give the student a chance to interpret 
and evaluate the laboratory experience himself and with others. 

When practicable, students are involved in the formulation of 
laboratory procedures designed to provide the information needed 
to evaluate a particular phenomenon. When more than one approach 
is proposed students are given the opportunity to select the line 
of inquiry which, in their mind, seems most reasonable. 

Finally, Students are given the opportunity to explare areas of 

personal interest through individual projects. 

(3) The third act ivity des ighed to provide opportunities for personal 

inquiry and creative thought centers around a science resource 

center. Uurihg the first year that the unified program was intro- 
duced it became appa.rent that some type of facility was needed 
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to Rive students an opportunity to become more personally involved. 
Something was needed to bridge the gap between the student as an 
individual with very personal needs, ambitions, problems and abili- 
ties and the goals which all students were expected to accomplish in 
the science program. It is the role of the teacher to bridge this 
gap but individualizing instruction is not a simple matter. In 
traditional programs the textbool; used in a particular course helps 
to meet some of the personal needs of students. In the unified pro- 
gram the common textbook had been replaced by a wide variety of 
resource materials. Most students were not prepared to make the 
transition to this type of reference aid. 

The resource center, idea was conceived as a means toward personal- 
izing the learning process. It began in 1964 as a sort of science 
library area set up in one of thb classfooms. In 1965 an audio 
tape system was added. The resource center at that time (see 
appendix page 8) could accommodate twenty students at carrels 
designed for independent study plus a maximum of twelve students* 
at tables arranged for cooperative work. The facility contained 
printed reference materials including hardbound and paperback books, 
seventeen periodicals covering most science areas, and an extensive 
file of reprinted articles. The audio system was composed of f c irr 
tape playback units connected to reniote stations at the study 
carrels. Each carrel position had a selector switch and start 
button which permitted a student to select one of four taped pro- 
grams and to start the machine!. The playback units used cartrid- 
ged tapes which, once started^ ran to completion and turned off 
automatically. 

Experience in the use of these facilities provided the basis far 
developing the following philosophy with regard to the role of a 
resource center in the overall educational program. 

The major purpose of the resource center as part of the instruc- 
tional program, is to provide a facility which permits the development 
of a variety of programs, carefully designed, to personalize the learn- 
ing experience of students. The realization of this objective is depen- 
dent upon many factors. However, two are of primary importance: 

1. The resource center facility must be structured and operated in such 
a way as to provide an atmosphere which permits and encourages stu- 
dents to become personally involved in the learning process. 

2. Tlie resource center must provide a variety of programs which permit 
students to relate to the ideas being presented a.s a part of the 
curriculum in ways which are not possible in general class sessions. 

Tlie resource center must be developed as an integral part of the 
in 55 1 rue tional program. It must not become an entity unto itself, 
unrelated to the day-to-day activites and concerns vjhich go on within 
the classrooms of the academic area it serves. Neither must it become 
a facility which merely substitutes for the kind of activity which could 
just as well be conducted withiiv the classroom, the library or a study 
hall . A resource cenfer should provide a variety of program types 
specifically designed for different student needs. 
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"Individualized Study Programs" should he developed which provide 
materials, sufficient direction, and guidance to enable students to 
pursue a particular idea (concept) being developed by the class, at his 
own rate and to a depth which h£ determines to be relevant to hi s needs 
or interest. 



"Independent Study Programs" should be developed which provide 
opportunities for highly motivated students to plan and if they desire, 
carrv out investigations based on original ideas rather than those 
prescribed by the teacher or text boohs. 

Some resource center programs should be especially designed to deal 
with concepts which are difficult for certain students to understand. 

They must be imaginative programs which recognize the problems of these 
students and deal with them in ways which would not be possible or anpro- 
priate in other learner-teacher situations. 



Some types of progress^ should be (Resigned for all student^s within 
a class simply because facL^iities witicin the resource cente;r permit the 
T»resentation of an idea diir shill in a manner far superior to a:ny approach 
which could be used in a classroom situation. Manipulative techniques 
and skill development are r?articularly suited to this kind of .iiearning 
experience. 



All programs, regan^’ict5s of the specific purpose for which they are 
designed should ernplby a oradti -media approach. There are a number of 
possibilities. Perhaps ■thee most exciting is the couple between sound and 
8mm films. Good quality f 12ms , cartridged or reel type, atre now avail- 
able which relate to practically any concept or skill associated with 
science teaching at the secondary school level. When the need for a 
particular type of program to personalize instruction becomes apparent 
one can usually find an appropriate commercially prepared 8mm film. 

The most effective use of these films is realized when the teacher 
couples this visual media, utilizing a stop action feature, to an audio 
system thus converting a 3 or 4 minute silent film into a 20 to 30 minute 
audio-visual program which is uniquely appropriate to the needs of a 
particular situation in a particular school. 



Similarly, audio-visual programs can be developed using a, series of 
2x2 slides or 35mm film strips to provide the visual dimension. All 
programs must be carefully structured so as to involve the student on a 
personal basis. This "personal touch" must be built into each program. 
Throughout the production of a program the teacher mujit maintain a men- 
tal perspective of a one-to-one learner-teacher relationship. Although 
many students will use the program each should feel that the teacher is 
working directly with him. ’ 

Physical equipment and materials are essential in the development 
of a resource center facility. However, the center itself can be no 
more effective than the programs that creative teachers build into them. 
This takes time, a lot of time. It takes experience, a certain amount 
of technical skill, and of course, the financial support needed to carry 
on tills type of jirogram development. 
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The teacher's role in a one-to-one counselling or teaching situati 
with students who come to the resource center is extremely important. ^ 

The students must know that '’this is a place to come when help is needed. 

Resource center programs within any given school must be 
witli the total curriculum and the student in mind. They mu » 
common goals and operating procedures. In no case can a program of 
department become so demanding, in terms of a student's time, uhat. it 
jeopardizes the common goals of the general educational program. 

Providing for resource centers within a school facility is no^ 
guarantee that the quality of teachi.ng anid learning within that sch©ol 
will be improved. However, the development of resource center programs 
as an integral nart of a well defined andi carefully planned instructional 
proPT-am offers k most exciting and realistic opportisnity to pcrstsnalize 
tlie 'teaching- learning process. Wlaen this happens the quality of education 
will be improved. 

There is no quantitative evidence to prove that the development °f 
these three types of activities lias, in fact, increased the requency wi i 
which students think creatively or that the teaching- learning proc-<sss 
developed through the unified approach has more effectively oridge(a fee 
"nersonality gap" between teachers^ and learners. However, it is a tact 
that through the implemeretation ofr this unified program the opportunities 
which stimulate this type of behavior have been greatly increased. 

One might argue that any or all of these inovations could have been 
developed by teachers working within specific disciplines in a traditional 
science program. The point is that tliese same teachers, operating tor 
eight years in that type of situation, did not. ‘ 

necessary to develop and implement a unified program enables teachers to 
work cooperatively in planning and directing activities which encourage 
stiKlcnts to become involved ns thinking individuals. 

The social implications of science liave always been stressed when 
justifying tlie role of science in general education. However, this im- 
portant educational objective became relatively insignificant in practice, 
amid tJie factual content associated with subject oriented curricu c . 
unified science program at Monona Grove is based on the premise that the 
social implications of science constitute one of the 

provide the frame of reference for the selection and ordering of concepts 
to be included in the program. Although this theme is apparent in many 
of the materials developed for use in the unified program, as yet, it does 
not have the impact on the total program that is needed. 

One of the major problems associated with the subject oriented 
science curriculum was that it failed to provide a logical basis for 
enabling students to make the transition between the academic and func- 
tional nature of science. Science, at the secondary school level, neeus 
to be functional . It becomes functional when it helps 
pret and evaluate new experiences. The subject oriented prograim 
sized the academic nature of sc])aratc disciplines within science: 
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lacked the contimuity needed to clearly establish the big ideas needed 
to make the process of science a personal expeirience. 

The unified program was designed to make tfhe science experience of 
students more fumctional , to personalize the pirocess of science. In the 
unified program tcrhere is a conscious effort to use contemiporary factual 
science to devel^op fundamental ideas useful in iinterpireting new ex- 
perience » The suibject oriented program treated the academic nature of 
science as an end in itself. 

The WISP tes^t (Wisconsin Inventory of Science Processes) provides 
a limited basis for a quantitative measure of the degree to which this 
objective has been achieved with students participating in the unified 
program. The WISP test, Wis'consin Inventory of Science Processes, was 
developed by the Scientific Literacy Research Center, Umivexslty of 
Wisconsin, Madisun, Wisconsin and was published J.n 1967. This instru- 
ment, designed as an inventory of knowledge of the scientific enterprise 
was used to me assure students* understanding oF processes of science. 

Tl\c test was ad/mini stored to the Monona Grove ^^niors, class of 1968. 

The pcrfbrma'nce of these students, whose entire experience in secondary 
school science \was in the unified program, is isnhown as a: percentage 
deviation from the average score of .2,944 students, with subject 
oriented science backgrounds, from other Wisconrsin high schools. 'Phe 
percentile scores of the Monona Grove students are shown as a percentage 
deviation from the Wisconsin norms in four different groupings represent 
ing the number of years of science completed dirring the course of a 
four year high school career. 
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WISP TEST 

(WISCONSIN INVENTORY OF SCIENCE PBOCESSES) 



In spite of tlie importance of these humanistic goals in science 
education there is a tendency to evaluate tlie success of a program 
mainly in terms of those objectives for which quantitative measures are 
readily available. Uducational psychologists have developed a wide 
variety of objective tests designed to measure academic ability, interest, 
-proficiency and acheivement. These instruments provide a quantitative 
basis for evaluating those educational goals which are associated with 
the academic success of students. Objectives C4) and (5j are concerned 
with this aspect of science education. 

(4) To develop attitudes and skills essential in using the 
process of science as a means of gaining knowledge. 

(5) To provide opportunities for growth in tlie understanding 
of the major concepts in science. 

The initial evaluation of the extent to which these academic objec- 
tives have been realized in both the traditional and unified science 
programs at Monona Grove High Scliool is to' be based on the performance 
of students over an eight year period. This sample includes four grad- 
uating classes with traditional science experience, 1964 through 1967, 
and four classes with unified science background, 1968 through 1971. 
Science enrollments for the classes graduated during the period from 
1964 through 1969 plus figures for the classes to be graduated 1970 
through 1973, provide the basis for recognizing certain trends in the 
science enrollments at this high school during the period of one decade. 

Tlie percentage of students electing three and four years of sciencfe 
in the traditional program during the four year period from 1964-1967 
decreased from 21% to 13% for students electing a third year and from 
15% to 9% for those students completing four years of science. 

In 1965 the number of years of science required of all students 
graduating from Monona Grove High School was changed from one to two 
years. This change may be responsible for the increase in the percentage 
of students going on to elect a third and fourth year of science in the 
unified program. However, in the class of 1968, the first to graduate 
in the unified science program, 23% elected to take a third year 
science although the requirement for graduation at that time was still 
only one year. Also, the percentage of students electing a tliird year 
of science in the unified program under the two year requirement has 
increased from 37% in 1969 to the point where 41% of all junior students, 
class of 1971, have already elected a tliird year of science. 

These trends would seem to indicate that students find the unified 
science program to be more relevant to their needs than the traditional 
science program that was offered at this high school. 
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based on 1969- 70 ENROUWENTS 




objective Evaluation 

The following instruments were used to obtain standardized test data 
for the purpose of analyzing the degree to which the academic objectives 
(4) and (5) were being accomplished in the traditional and unified 
programs : 



1) 


Henman Nelson Test 


- nat ive inte 1 ligence 


2) 


Iowa Test 


- n£.tural science 


3) 


Iowa Test 


- quantitative 


4) 


STOP Test 


- natural science 


5) 


SCAT Test 


-- quantitative 


6) 


ACT 


- American College Testing Program 



(natural science) 



The sample representing the traditional science program includes 
898 students graduated over the four year period from 1964-67. Ihe 
unified sample includes 444 graduates from the classes of 1968 and 1969. 
The students from both samples have been divided into groups numbered 
one through four. The group number indicates the number of years of 
science completed during the course of a four year high school career. 

Tlie students in each group were tested twice (ACT Test excepted). 

The first tests were administered in the fall of the freshman year 
(graduating classes of 1964-65-66) and in tlie spring of the year prior 
to entering liigh school, for all classes since 1966. For all students 
tlie second test followed the first by a period of two years. 

Since all of the group samples involve classes of students differ- 
ing in average native ability and because the testing progr^ was carried 
out at different times over an eight year period, all adiievement test 
results have been corollated with Henman Nelson ability averages. 

All achievement test data presented are percentile rankings based 
on national norms. These data are then shown as a percentage deviation, 

+ or -, from the average Henman Nelson percentile for the various groups. 
In the graphic presentation of results the unified groups are represen- 
ted by clear bars. The traditional group deviations are shown as shaded 
bars. 

The graph contrasting the performance of traditional and unified 
students on the STEP-IOWA natural science tests shows a negative deviation 
from the Henman Nelson percentile rank for all groups after two years. 

The degree of cliange in the deviation between the Henman Nelson and the 
adiievement test rank for each particular group is of special interest. 

In each of the four groups, representing the number of years of science 
taken in liigh school, the percent of deviation below the Henman ^Nelson 
average has been less for those students involved in the unified program. 
The most significant difference is noted for the group completing two 
years of science during a four year high school career. The deviation 

from the Henman Nelson scores for these: students in the traditional 

group dropped 14^5 whereas the average deviation for the students in the 

unified program had dropped 4% two years later. 



The test data provided by the SCAT-IOWA (quantitative) tests for 
students involved in the traditional and unified programs does not show 
any clear-cut advantage for either program. For those students complet- 
ing only one year of science the traditional group shows a negative 
i^JiSiL of 2% after two years. The unified group, for the s^e period 
had a positive deviation of 10%. On the other hand, the data for those 
studenL completing two years of science shows that ^oth the J^^ition^ 
and unified groups experienced a negative deviation of about . 
students on the traditional program completing three and four year 
science showed a slight positive deviation while the unified groups 
the same category showed no deviation from their Henman Nelson percentil 

rank after two years , 

Test data from the American College Testing Progr^ ?hrt?uLnt^ 
limited basis for evaluating the academic achievement of the student- 

as seniors. 

Fifty-one percent of the students graduated from 1964 through 1967 
(all traditional science) took the ACT. Seventy-five percent of the 
students graduated in 1968 and 1969 (unified science) participated 
the American College Testing Program. The composite mean score in 
n^tuSrscience. for the 471 students in the traditional g^oup is 22.5. 
The unified group, which includes 319 students achieved a composite 
raean of 22.8. The national mean for the ACT (natural science) for 
college bound seniors is *20.3. * Based on the scores of 2,415,460 

collele bound students who took the ACT examination between 1965 and 

1968. 

With the exception of group one, which includes only 21 individuals 
in the ^ercLtage ‘‘-iation fron the He^an 

percentile rank favors the unified program. Although the difference 
the nercent deviation between the traditional and unified samples is 
sLall it should be noted that the number of 

sample represents a larger percentage of the school population. For _ 
exile, in the traditional sample, group two, 

ACT during a four year period. The comparative group in the unitieu 
sample has 162 students in just two years. 
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UNIFIED SCIENCE 
(COMBINED TEST DATA) 
GRADUATING CLASSES OF 1968- 69 



GRADE 8 

(SPRING) 

PRE Hir-H SCHOOL EXPERIENCE 



HENMAN 

NELSON 



37 



56 



209 



77 



96 



78 



49 



82 



STEP 

Natural 

sc I ENCE 



40 



59 



19sf 



77 



83 



49 



85 



SCAT 

Q U A N T - 



GRADE 10 

(SPRING) 



HENMAN 
NE L SON 



±n 



42 



1 96 



76 



HI 



77 



49 



82 



ifj 



59 



207 



79 
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81 



56 
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STEP 

N A r U R A L 
SC I E NC E 
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87 



SCAT 
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GRADE 12 
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NELSON 



21 
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84 I 



82 
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ACT 

NATUR AL 
SCI ENCE 
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25 



162I 



59 



85 [ 



66 



UJ 
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* numbers represent the years of science completed 

AT THE CONCIU'ION OF FOUR YEARS OF HIGH SCHOOL- 

ALL TEST DATA SHOWN ARE BASED ON NATIONAL , PERCENTILE RANKS. 
ACT SCORES SHOWN ARE NATIONAL PERCENTILE RANKS FOR COLLEGE 
B O U N O H I G H S C H O O L SENIORS. ' ' 
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Facility Development 



During the first five years of its existence the unified program 
at Monona Grove was carried on utilizing facilities designed for 
a traditional subject oriented program. (Page 8 in the appendix) 
illustrates how these facilities were modified to accommodate the 
unified program. 

The large group area necessary to make team teaching practical 
was provided by replacing the free standing laboratory tables from 
one classroom with tablet arm chairs. This modification provided 
seating for a maximum of 60 students. The tables were moved into an 
unusually long laboratory room to provide a second area with twice 
the seating capacity of a normal classroom. Doubling class size for 
large group instruction made it possible to free one classroom which 
was then modified for use as a resource center area. The study carrels 
in this area were fabricated by bolting dividers between the laboratory 
tables already present in the room. Large group instruction also pro- 
vided a means of gaining additional teacher time for working with stu- 
dents in small groups. 

Perhaps the most tangible indication of the impact that the unified 
program has had on this school is to be found in the changes that have 
come about in its physical facilities. In 1968 a remodeling and build- 
ing program in excess of nine hundred thousand dollars was initiated in 
order to provide facilities better suited to the implementation of the 
educational program being evolved, not oniy in science but in other 
areas of the school as well. Page 9 in the appendix shows the ex- 
panded facilities nov; being ccmipleted in the science area. 

The advantage of the increased size of the large group area is that 
it provides more opportunities for teachers to work with students in 
small groupings and on an individual basis. 

The resource center area has been greatly expanded, not only in 
area but more important, in terms of the equipment available to facili- 
tate the development of the resource center philosophy. 

The procedure of making one particular audio program available to a 
number of students simultaneously via electronic channeling has been 
abandoned. Experience in the preparation and use of programmed 
materials designed to meet the special needs of students has shown that 
maximum benefits from the use of these materials cannot be realized un- 
less each individual is able to control the rate at which the material 
is used. This type of flexibility has been provided through the use of 
individual cassette recorders and program tapes at each carrel position. 
Multiple copies of audio programs are quickly and efficiently reproduced 
from the muster tapes by means of cassette duplicating equipment. 

Whether team teaching, including those approaches which utilize large 
and small group instruction, is or is not to be a part of the plan for 
implementing a unified program it is possible to adapt existing physical 
facilities to provide for the space requirements of a unified program. 
However, if large group teaching is to be a continuing aspect of the 
instructional program a facility especially designed and equipped to 
maximize learning opportunities in this teaching mode should be pro- 
vided. 
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CONCLUSIONS AI-ID RECOMMENDATIONS 




The unified science program at Monona Grove is now in the sixth 
year since its introduction at the freshman level in September, 1964. 
Since the fall of 1967 all science taught at this high school has been 
part of the unified program. 

The evidence available at this point, both subjective and objec- 
tive, indicates that a totally unified approach to science education at 
the secondary school level is practical and that it represents a. more 
effective means of realizing the educational objectives establishe 
for the science program at this high school than was being achieved 
through a subject oriented program. 



The evaluation of the unified program in terms of the educational 
goals established for this school system must be continued in the years 
ahead. The organization of ideas an' the curriculum materials being 
used in the various programs are ncJt fixed. At the present time many 
of the ideas associated with various portions of the program, especially 
IIA IIB IVA and IIIB are still not. "naturally" fused into the concept- 
ual’ frsimework specified for the program. The continued experience of 
the team, working with these ideas and with students, may provide the 
insight and wisdom required to more fully realize the goals of tne Pro- 
gram. Phase two of the evaluative process, a progTiUn to determine the 
validity of the stated educational objectives, in terms of their rele- 
vance to the needs of maturing young people, is totally before us. 



The greatest strength of a unified science curriculum is that it 
provides a structure for presenting the “big ideas" of 

a way that students come to the point \ ^ tbe/ are napable of think- 
ing in terms of broad generalizations -i- ' the nature of science. 

kind of insight, relative to natural pnenomena, is what makes the scienc 
experience of the student relevant. It helps the student to realize that 
science is a process ’.hich involves indiv duals personally, a process 
by which one comes tc understand "the nature of nature" and through this 
to understand himself. Subject oriented science curricula that faj;- 
establish the interreli ionship of ideas which exist within and between 
the various courses leaves to the student the difficult task of c ncep 
ualizing the id ' which make science relevant. The result is that 
the vast mujor’t . students who study science in this context never 
really understand he implications of science for life. 

The most significant single effect that the unified program has 
had on the educational program here has been the evolvement of the resource 
center concept as an integral part of the 

this type of experience which, perhaps for the first time in tne 
of mass public education, provides genuine opportunities^^ or personal- 
izing (individualizing) the teaching- learning process. ihe science team 
ai M^ona Grove High School is just on the threshold of developing this 
type of facility. There is a great deal to do and much to be learned 
in this area in the years ahead. The physical equipment and materials 
required to facilitate the implementation of the resource center philo- 
sophy are, at this writing, in the process of being ordered. The format 
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for several dozen programs has already been established but a great 
deal of time will be required to bring these programs to a state of 
readiness. The development of the wide range of programs needed to 
personalize learning opportunities for young people will be a continuing 
task. This phase of the program development along with ongoing curri- 
culum revision will necessitate the continuance of teacher workshops in 
the future . 

Team teaching provides the most effective means of developing and 
implementing a unified science program. The team approach, if it is a 
cooperative effort, creates an atmosphere in which the team members 
constantly interact to improve the quality of teaching. As a result 
each team member becomes a better teacher than he could tie in a self- 
contained classroom. 

The daily period of team evaluation and planning is the ongoing 
source of the program’s strength. The thoroughness with which the team 
evaluates and plans each day's experience determines the overall effect- 
iveness of the program. 

There are two areas of concern associated with unified science 
which, at this time, are outside the realm of any one particular group 
developing a unified program. 

1) College accreditation of high school courses in unified science 
a communication problem with college accrediting personnel , and 

2) Teacher training programs which, at the philosophical level, 
consider the unity which is inherent in science and, at the 
practical level, the very complex art of team teaching. 

The development of a common organizational structure and curriculum 
for all unified science programs is not a problem. Perhaps the greatest 
virtue of the unified approach is that many approaches are possible. To 
develop a program one must take a panoramic view of the broad spectrum 
of scientific knowledge, identify those ideas which are the basis for 
understanding natural phenomena, organize these ideas through some sort 
of conceptual framework, and proceed to structure a program which is 
unique in terms of the particular needs of a school, its students, and 
the personality and talents of its teachers. This is the genius of the 
unified approach to science education. 
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1. Sample test (Science lA Modified) 

The Universe and Man 

2. Drawing of Original Facilities 

3. Drawing of Present Facilities 
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Hour Kxam 



THE UNIVERSE 



Part 



O 

ERIC 



(total points 2.0) Select one answer for each of the following 

questions . 



, A light year is: 

1. a measure of the velocity of light. 

2. eaual to 186,000 mi/sec x 93,000,000 miles. 

5, a measure of the time it takes light to reach us from a 
distant star. 

4. 6 X 109 miles per year. 

5, unit of distance. 

2 IVhich one of the following is not related to the process of 
measuring distance in space by the method of parallax? 

1. length of the base line 4. zenith point 

2. two observers 5. accurate angular measurement 

3. two separate measurements bn the same object at different 
times . 

5 Proxima Centuri is the name of the star closest to the earth. 
The time required for light from this star to reach the earth 
would be approximately : 



1. 8.3 LY 4. 1.2 LY 

2. 3.4 LY 5. 4.3 years 

3. 2.4 LY 

4 Which one of the following factors is not relative to the process 
of measuring the distance to stars by the brightness method. 



1. the period of brightness 

2. 4ir 

3. a measure of the time 
required for the light to 
reach the observer 

5. The "red-shift" 
indication that 



4. the apparent brightness 

5. the absolute brightness of a 
cepheid star 



is interpreted by most cosmic scientists as an 
galaxies within the observable universe are: 



6 • 



7. 



1. speeding toward each other 3. receding from each other 

2. suspended in space 4. slowly dying 

Cosmologists accept the expansion of the universe, but do not 
agree on the manner of expansion. One evolutionary theory 
proposes that the expansion of the universe is 

1. such that the average density of matter per unit volume of 

space is decreasing. _ 

2. such that the average density of matter per unit volume of 

spciC6 IS incrG3.sxnp* ^ 

3. such that the average density of matter per unit volume of 

Space remains the same, 

4. non«j of the above. 

The use of pulsating stars (Cepheids) for the calculation of 
cosmic distances in space is based on: 



1. the fact that they are extremely bright by comparison to 
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other stars around them, 

2. the fact that their color changes from blue to re.d is a 
direct ratio to their distance from the earth. 

3. the fact that there is a relationship between their period 
of pulsation and their real brightness, 

4. most cepheids are close enough to be accurately measured 
using the parallax method, 

8, Which of the following statements is true according to the 

Cosmological Principle? 

1. The earth appears to be the center of the Universe. 

2. The sun is the center of the Universe, 

3. There is no center to the Universe. 

4. The Milky Way appears to be the center of the Universe. 

9, \^ich of the following statements comes closest to describing 

the size of the Universe as we know it? 



1. The Universe is composed of our earth, the sun, the other 
planets and all other heavenly objects which orbit the sun. 

2. Our earth and sun comprise only a tiny fraction of the 
Universe . 

3. The universe is made up of many galaxies of stars, some 
i^hich resemble our Milky Way. Some of these galaxies are as 
far as a billion light years away from the earth. 

4. The universe is composed of clusters of galaxies. The dis- 
tance between these clusters is in the order of billions of 
light years. The number of these clusters is probably greater 
than the largest number we could ever imagine. 



10. Which of the following statements is not inferred in the cosmo- 
logical principle? 

1. There is a uniform distribution of clusters of galaxies in 
space . 

2. The universe is infinte; it has no boundaries in space or 
time. 

3. The universe is expanding at the present time. 

4. The center of the expansion appears to be everyv^^here. 

5. A galactic observer anywhere in the universe will see galaxies 
in every direction, all of them receding from him. 



11. Which one of the following statements best defines science as we 
understand the term now? 



1. Science is the sum of all knowledge which has been collected 
and classified by men since earliest times. 

2. Science is the only process by which one can acquire knowledge 
which is new to the experience of man. 

3. Science is a process and knowledge is the product of that 
process. All the knowledge that a person possesses has been 
acquired by the process; of science. 

4. Science is a process of inquiry in which one moves from the 
area of the unknovm into the area of the known. 



12 . 



The age of the Earth deter^nined through methods based on the 
radioactive decay of elements is: 

1. 2.8 billion years 3, 2 million years 

2. S billion years 4. 10 billion years 
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13. Th© Eartih^s fate dcDends on 'the Sun* Based on observed behavior 
of many different kinds of stars, scientists believe that our 
sun will eventually end up as 

1. a red giant 3* a Nova 

2* a white dwarf ^ dark heavy star mass 

14. While we're at rest on the surface of the earth we are actually 
a part of a system which is in motion. How many different mo- 
tions does the earth experience as it moves through snace? 

1. 3 4* 6 

2. 4 5. 7 

3*5 

15. The best explanation for the presence of elements heavier than 
iron in the earth is 



1* through radioactive decay* 

2* the original dust cloud must have contained these elements. 
3, they are continually being formed in the sun* 

4* none of the above 

16. From the point of view of scientists today the most acceptable 
theory to account for the origin of the solar system is: 



17. 



1. Double Star Theory 3. Cosmic Cloud Theory 

2. Nebular Theory 4. Relativistic Theory 

Listed below are four different kinds of attitudes which might 
be those of students taking science courses. In our discussion 
of the nature of science and its relationship to people five 
different goals of science teaching were considered* Which one 
of the attitudes described below does not agree with your un er 
standing of the reasons why a person should take science? 

1. Science deals with many different kinds of 

the nature of things. Since we are going to live in world 

it is essential that we learn as mubh of this factual knowledge 

as possible. 

2 There are certain fundamental ideas in science which provide the basis 
for interpreting new experience. The purpose of taking science iti 
high school is to understand these fundamental ideas. 

3. Science is a process by which one may acquire knowledge. Although 
this is not the only way in which we learn it is a very important 
one. One of the major reasons for taking science in high school is 
to develop skill in the use of the process of science as a method of 

inquiry. 

1 The reason that all students need to take science courses in high 
’ school is to help them to understand something about their environment. 

One of the main reasons for learning about ^^®r^^''and°Lrwavrin Jhich 
ment is that this helps us to understand ourselves and the ways 

we are dependent upon our environment. 
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18. In 1944 certain scientists declared that a certain chemical 
pesticide, DDT, was *’safe*’ for use by the jjeneral public. Now, 
twenty five years later, traces of DDT can be found within the 
bodies of every living plant and animal in the world. In some 
cases the DDT concentration is already at a critical level. 

This illustrates : 

1. that the products of science may be good for certain things 
but in the long run they turn out bad. 

2. that scientists cannot tell if a certain product will be 
good or bad. 

3, that man cannot interfere with one segment of his environ- 
ment without affecting other changes within that segment of 
the environment. 

4, that DDT has been a very effective insecticide and we no 
longer have this problem to bother us. 

19. Scientists are working cooperatively in an effort to find a cure 
for cancer. Some scientists like #1 analyze tissue, others 
like #2 are skilled surgeons, and still others like ^ 3 
work exclusively to investigate various hypotheses and theories. 
Identify which of these scientists would be classified as: 

^ a) pure scientists 
b) practical scientists 



Part II. (total points 1.0) The opposite page may be used for 

calculations . 
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1. The diagrams represent various 

theories as to the origin and dis- 
tribution of galaxies in the universe. 

Answer the following questions by 
selecting the number or numbers of 
the diagram (s) which best represents 
the condition or situation described 
in the drawing. 

1. Not all of the galaxies in the 

universe are the same age. 

2. The galaxies will reach a maxi- 
mum speed of recession and then 
continue to move apart from each other, at that speed forever. 
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3. Provides the best explanation for the existence of elements 
heavier than iron. 

4. Evolutionary Theory providing for a univer, infinite in snnce 
and time. 



2 . 



3. 



A train traveling north with a velocity of 60 mi/hour sounds its 
whistle v;hich has a frequency of 440 vib/sec. You are traveling 
north, along a highway parallel to the railroad tracks, \i;ith a 
velocity of 30 mi/hour. If the train is still behind your car 
you will hear: 



1. more than 440 vib/sec 3. about 220 vib/sec 

2. less than 440 vib/sec 4. about 880 vib/sec 



3 

Ursa Major has a recession velocity of 9.3 x 10 miles /sec. 
Hubble's constant equals 14 mi/sec for each million LY , the 
distance to Ursa Major is about: 



1. 6 X 10^ LY 

2. 6000 LY 

3. 6 X lo" LY 



4. 6 X 10 miles 

5. 6 X 10^ LY 



If 



4. AssLime that you were to determine the age of an ore sample by 
radiogenic techniques. You analyzed a sample of lead ore and 
found that 12.5% of the atoms were 208„. which decays from 255 

“8T 8 ' 

Uranium 235 has a half life of 7.2 x 10 years. 

Tf at the time that the earth was formed this material was 100% 
uranium 235 the age of this sample would be approximately: 

q 10 

1. 2.2 X 10 years 4. 1.2 x 10 years 

2. 5.2 X 10^ years 5. 2.9 x 10^ years 

3. 3.7 X 10^^ years 



Part III. (total points 1.0) 
1 .' 



Observed 

Red 

Shift 

(mi/sec) 

a) Curve _____ on 
the graph shown 
would represent 
evidence that gal- 




2. Two students wrote the following statements to summaTize their 

understanding of the nature of the universe. On the basis of what 
they have said deteirmine whether they should be classified as (E) 
EVOLUTIONARY or CS) STEADY STATE theo:rists. 

a. The universe is composed of an infinite number of galaxies 
which are moving away from each other. Those galaxies which 
are most distant from an observer ’*<=vel with the greatest 
velocity away from the observer. Although the distance between 
galaxies is always increasing the density of matter everywhere 
in space remains the same. According to measurements made in 
distant galaxies the universe would have to be at least 10 
billion years old. 

b. No one knows how big or how old the universe is. 

which make up the universe are moving away from each other with 
different rates of speed, and the universe is getting bigger all 
the time. The galaxies will continue to move apart from each 
other forever and the universe will never end. Not all of the 
galaxies in the universe are of the same age. Those galaxies 
which are older contain stars which are mostly white dwarfs. 
About 99% of all the matter in the universe is hydrogen which 
is the simplest type of atom. The stars are made mostly of hy- 
drogen and are formed when huge masses of hydrogen gas begin to 
whirl and develop forces which compress the gas until the 
pressures and temperatures become great enough to cause nuclear 
reactions between hydrogen atoms. 



3. 



A student in our class has suggested that there might be another 
planet, as yet undetected, orbiting around our sun farther out than 
Pluto. His reasons for suggesting that this might be the case are 
as follows. Read each of these ideas carei“ully. If the idea ha, a 
scientific basis for being correct mark the space to the left J • 

If you feel the idea expressed is without scientific basis mark it 

(W), 

a. Planets are visible only because they reflect light from the 
sun. It is possible that there could be a small planet so far 
away from the sun and reflecting such a small amount of light, 
that even our best light telescopes cannot collect suffici>:nt 

energy to make it visible. . ...... +U.. 4 . 

b. The orbit of this planet is so big that all during the time that 

man has been observing the heavens this planet has not yet com- 
pleted even one half of one revolution around the sun Cone 
planet year). Since during this period of time, the planet has 
always been on the opposite side of the sun from the earth we 
have not yet had the opportunity to detect it. 

c. Although it is possible to detect the presence of planets by 

~ use of radio telescopes which "bounce” radio signals generated 
by the telescope off the surface of the planet this planet has 
not yet been detected by radio astronomers because they have no 
idea of the direction they would have to point their antenna in 
order to make contact with the surface of the planet. 

d. Even if the antenna of a radio telescope would b;:7, cnance , 

" pointed in the right direction for a "radio" wave leaving the 

antenna to strike the surface of this planet it would still be 
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unnoticed because present radio telescopes cannot send signals 
far enough into space to reach the surface of this planet. 



Decay of Element A Decay of Element B 





Refer to graphs I - III shown to answer 
the following: 

a. Which graph contains data which 
would give the present age of the 
earth? 

b. Which graph repre;;ents the 
element whose half-life is close 
to 1 billion years? 

c. How long would it be before 
element C has comnletely 
decayed? 

d. How long before element B 
would decay completely? 



Decay of Element C 
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